Pre prints.org

Article Not peer-reviewed version

Estrogen-Responsive Gene Modulation
by Mentha pulegium L. Extract in
Uterine and Ovarian Tissues of
Immature Rat

Lorraine Sallah " , Patrick W. Narkwa , Seth A. Domfeh , Peter N. Coffie , Patience N. Ansong,
Cynthia A. Danquah , Kofi O. Owusu-Daaku , Babatunde M. Duduyemi

Posted Date: 28 February 2026
doi: 10.20944/preprints202602.1944.v1

Keywords: estrogenic activity; gene expression; endocrine disruptor; estrogen-responsive biomarkers;
down-regulation

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/5049885
https://sciprofiles.com/profile/1672264
https://sciprofiles.com/profile/5127093
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 February 2026 d0i:10.20944/preprints202602.1944.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Estrogen-Responsive Gene Modulation by Mentha
pulegium L. Extract in Uterine and Ovarian Tissues of
Immature Rat

Lorraine Sallah 1*, Patrick W. Narkwa 2, Seth A. Domfeh 3, Peter N. Coffie 45,
Patience N. Ansong ¢, Cynthia A. Danquah 7, Kofi O. Owusu-Daaku % and
Babatunde M. Duduyemi 8

I Department of Physiology, School of Medical Sciences, Kwame Nkrumah University of Science and
Technology, Kumasi, Ghana

2 Department of Clinical Microbiology, Kwame Nkrumah University of Science and Technology, Kumasi,
Ghana

3 Department of Biochemistry and Biotechnology, Faculty of Biosciences, Kwame Nkrumah University of
Science and Technology, Kumasi, Ghana

* Department of Physiology, Accra College of Medicine, Accra, Ghana

5 Department of Theoretical and Applied Biology, College of Science, Kwame Nkrumah University of Science
and Technology, Kumasi, Ghana

¢ Department of Nursing and Midwifery, Garden City University, Kumasi, Ghana

7 Department of Pharmacology, Faculty of Pharmacy and Pharmaceutical Sciences, Kwame Nkrumah
University of Science and Technology, Kumasi, Ghana

8 Department of Pathology, University of Sierra Leone Teaching Hospital Complex, Freetown Sierra Leone

* Correspondence: Isallah.chs@knust.edu.gh; Tel.: +233 209733386, +233 244254970

Abstract

Mentha pulegium L. contains phytochemicals known to bind to estrogen receptors and modulate
estrogenic effects. The study investigated the effects of Mentha pulegium L. (MPE) on uterine and
ovarian tissues in immature rats, focusing on the transcriptional endpoint-related estrogenic activity.
Female Sprague Dawley rats were treated with varying doses of MPE alone or in combination with
estradiol for seven days. Gene expression analysis was performed using reverse transcriptase-
quantitative polymerase chain reaction (RT-qPCR) to evaluate the effect of MPE on estrogen-
responsive biomarkers: Calbindin-D9k (CaBP-9k), Progesterone receptor (Pgr), Trefoil factor 1 (pS2),
Intestinal calcium-binding protein integral (Icabp), Integral membrane-associated protein-1 (Itmap1)
and Complement component 3 (CC3) genes. In ovarian tissues, MPE treatment down-regulated
CaBP-9k and Icapb expression, with CC3 showing significant down-regulation in the 200 mg/kg
group. Treatments with MPE and estradiol significantly reduced the expression of all estrogen-
responsive genes compared to estradiol treatment. In uterine tissues, 1000 mg/kg MPE up-regulated
CaBP-9k and pS2 expression significantly but down-regulated Icapb, CC3, pS2, and Itmap across all
treatment groups significantly. Combined estradiol treatment with MPE (500 and 1000) mg/kg
showed significantly low CaBP-9k and CC3 expressions. Increased expression of Icapb, Itmap, and pS2
was observed when combined estradiol treatments with MPE (500 and 1000) mg/kg were compared
to estradiol treatment. MPE influenced the expression of specific genes in the uterus and ovaries and
thus may act as an endocrine disruptor with multiple mechanisms of action, highlighting its potential
complexity in modulating estrogenic responses.

Keywords: estrogenic activity; gene expression; endocrine disruptor; estrogen-responsive
biomarkers; down-regulation
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1. Introduction

Estrogen mediates physiological and pathological processes in the reproductive, cardiovascular,
skeletal, endocrine, neurological, and immunological systems through the estrogen receptor (ER),
which is an important mediator of estrogen’s biological effects and activities in cells. Estrogen
receptors, ERa and ERp, regulate cellular gene expression by activating and repressing gene
transcription [1]. Some transcriptional events connected to cell cycle alterations are fully or partially
controlled at the messenger ribonucleic acid (mRNA) level. Changes in gene expression may have
temporary or sporadic effects on various biological processes, including protein synthesis and
modification, DNA replication, RNA synthesis, cell cycle, and ATP transport [2]. Hence, it is essential
to understand the complex regulatory processes influencing gene expression in the uterine
endometrium and ovaries, and their structure and function, fertility, and reproductive pathologies.

Phytoestrogens are a diverse group of secondary metabolites found in plants with a weaker
affinity for ERs and estrogenic activity. These natural, environmentally plant-derived compounds
have selective estrogen receptor modulator properties and ER-subtype selectivity [3]. They are
structurally and functionally similar to synthetic estrogens, mimicking estrogens with a variety of
biochemical and biological properties. Even though much weaker than estradiol, they bind to the ER,
induce a dual regulatory effect, and exert both tissue-dependent estrogen-like and anti-estrogen-like
effects [4,5]. Phytoestrogens may act as estrogen antagonists, alter the pattern of synthesis and
metabolism of endogenous hormones, modify hormone receptor properties, and inhibit endogenous
estrogenic effects [3].

Mentha pulegium L., commonly known as Pennyroyal, is an aromatic perennial herb of the mint
family with a wide distribution all over as one of the world’s oldest herbs. It is an ornamental and
medicinal plant rich in phytochemicals [6]. Its rich reservoir includes identified diverse bioactive
compounds that include alkaloids, flavonoids, phenolic acids, terpenes, sterols, saponins, caffeic acid
conjugates, Rosmarinic acid, pulegone, piperitenone, menthone, and neo-menthol [7-11]. These
bioactive compounds have a wide variety of pharmacological activities, including modulation of
estrogen receptors, and can cause fluctuations in estrogen levels.

M. pulegium has traditionally been used for decades for various purposes [12], and from scientific
investigations into its traditional uses, various authors have demonstrated its antioxidant effects
[13,14], muscle relaxant effects [16], antimicrobial effects [16,17], antibacterial and antiradical effects
[18], antifungal activity [14], and antiemetic and insecticidal properties [19,20]. antiseptic properties
[21], anti-inflammatory [22], anticandidal and anticholinergic properties [20].

Based on its reported use as a menstrual regulator [8] and abortifacient [11,21], its component
phytoestrogens may have the ability to modulate estrogen-sensitive gene expressions in the uterine
and ovarian tissues, hence the need to characterize the activity of a hydroethanolic leaf extract of
Mentha pulegium L (MPE). Therefore, this study investigates the effects of MPE in a uterotrophic
model using transcriptional profiling as molecular endpoints that also indicate estrogenic activity. It
aimed specifically to determine the effects on mRNA levels of CaBP-9k, Pgr, pS2, Icabp, Itmap1, and
CC3 genes, establishing potential agonistic and antagonistic properties of MPE and elucidating the
estrogenic and antiestrogenic potency of MPE using their expressional levels in the uterus and the
ovaries of prepubertal rats. Measuring the expression levels of these genes' mRNA transcripts would
provide insights into gene expression patterns and cellular responses to MPE treatments.

2. Materials and Methods

2.1. Study Setting

This study was conducted in the Departments of Clinical Microbiology and Pharmacology,
Kwame Nkrumah University of Science and Technology (KNUST), Ghana.
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2.2. Plant Material and Extraction

Coarse powdered dried leaves of Mentha pulegium L. with batch number
(KNUST/HM1/2019/L011) weighing 1198g were obtained from Relish Health Shop (Accra, Ghana)
and were extracted by soaking in 7.5 liters of 70% ethanol for 72 hours. The hydroethanolic extract
was decanted and concentrated at reduced pressure below 40°C using a SolventVap rotary
evaporator (Across International SE05.110) to obtain a dry semi-solid extract (130.6g) with a
percentage yield of 10.9%. In glass specimen containers, MPE was stored in a refrigerator (4°C) until
experimental testing. A solution of MPE was prepared by mixing it with distilled water to obtain the
respective dosages used.

2.3. Animals and Experimental Design

Immature female Sprague Dawley (SD) rats were used as a developmental model to examine
the potential biological effects of MPE. The institutional Animal Research Ethics Committee (AREC),
KNUST approved the protocol under approval number KNUST 0045. Pregnant SD rats were
procured from the Noguchi Memorial Institute for Medical Research, Accra, and housed at standard
conditions at the Department of Pharmacology’s Animal House KNUST. They were observed for
overt signs of ill health. Immature female rats (not exceeding postnatal day 25) obtained as offspring
were weaned and weighed. By random sampling, rats were allocated to eight (8) groups of eight (8)
rats each and allowed to acclimatize for three days. Experimental rats were treated daily with MPE
(200, 500 or 1000) mg/kg by oral gavage, 4 ug/kg of estradiol (E:2) subcutaneously, or with a
combination of MPE (200, 500 or 1000) mg/kg, and E: (4 pg/kg, Sigma, St Louis, MO, USA) for seven
consecutive days. Control groups were administered either distilled water (naive control: NC) or Ez
(4 ug/kg) dissolved in corn oil (positive control). All the procedures and methods used in this study
were in accordance with the National Institute of Health Guidelines for Care and Use of Laboratory
Animals (NIH publication No. 85-23, revised 1985), Organization for Economic Cooperation and
Development (OECD) guidelines for animal care (OECD, 2000), and the OECD Guideline for Testing
of Chemicals 2009. The study also adhered to the ARRIVE (Animal Research: Reporting of In Vivo
Experiments) guidelines in carrying out the research and reporting the findings.

2.4. RNA Isolation and Synthesis of Complementary DNA (cDNA)

All experimental rats were sacrificed 24 hours after the last administration (8th day) by cervical
dislocation, and their uteri and ovaries were rapidly excised and placed in Eppendorf tubes for
immediate storage. The excised tissues were immediately frozen in liquid nitrogen for RNA isolation.
The isolated tissues were homogenized using nuclease-free water. RNA extraction and purification
were done using the Quick-RNA Miniprep Plus Kit (Zymo Research Corp., USA) according to the
manufacturer’s protocol. The quantity and purity of the total RNA were determined using the
NanoDrop ND-1000 Spectrophotometer (Thermo Scientific, USA) version 3.8.1. All samples exhibited
an absorbance ratio in the range of 1.98 - 2.15. First-strand cDNA was synthesized from template
RNA samples of all groups by mixing the template RNA with Random Primer Mix, ProtoScript II
Reaction, ProtoScript II Enzyme, and Nuclease-free Water (ProtoScript II First Strand cDNA
Synthesis Kit) from New England Biolabs, USA. The cDNA synthesis was performed according to
the manufacturer’s protocol.

2.5. Quantitative Polymerase Chain Reaction (qPCR)

Primers for the quantification of mRNA of each gene were obtained from Biomers, Germany.
The oligonucleotide primers for endogenous control (18s rRNA) and target genes (CaBP-9k, Pgr, pS2,
Icabp, Itmap1, and CC3) are shown in Table 1. Quantitative real-time PCR with SYBR green detection
was performed with a StepOnePlus Real-Time PCR System. Each sample contained a final PCR
reaction mixture of 20 pul made up of 10 ul Luna Universal qPCR Master Mix (New England Biolabs,
USA), 0.5 ul forward primer, 0.5 pl reverse primer, 7 pl nuclease-free water, and 2 pl cDNA template.
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The expression of all target genes was normalized using the 18s rRNA expression levels in each tissue
sample. Samples were run in triplicate in 96-well multiwell plates for each treatment for each gene.
The Applied Biosystems real-time instrument (StepOnePlus™ Real-Time PCR System, Thermo
Fisher Scientific, USA) was programmed with its indicated thermocycling protocol, and the SYBER
green mix (Thermo Scientific, USA) was used. The qPCR was performed at 95 °C initial denaturation
(enzyme activation) for 60 seconds, denaturation at 95 °C for 15 secs, and extension (annealing
temperature) at 60 °C for 30 seconds. Per the manufacturer’s protocol, the cycle was repeated 40-45
times to obtain the cycle threshold Cr.

Table 1. List of reverse (R) and forward (F) primers used for amplifying estrogen-responsive genes in rat uteri

and ovaries for qPCR analysis.

Gene Primers: Sequences of primers; from 5’ to 3') References organ

CaBP-9k F 5'-AAGAGCATTTTTCAAAAATA-3' [23] Uterus and o
R 5'-GTCTCAGAATTTGCTTTATT-3'

Pgr F 5-GATGGAAGGGCAGCATAACTATTT-3' [23] Uterus and o
R 5'-ACAGCACTTTCTCAGACGACATG-3'

pS2 F 5'-GGAAAAGGGTTGCTGTTTTG-3' [24] uterus
R 5'-ACAGGTGTGTATGAAGCAGGTG-3'

Icabp F 5'-CTGGATAAGAACGATGATGGAGAA-3’ [23] uterus and oy
R 5'-GGTGGTGTCGGAGCTCCTT-3'

Itmapl F S'"CTATTTCTTTTCCTCTGGTACCACTATTC-3' [23] uterus
R 5'-AGGGTGTGGCCTTGGATAATT-3'

cc3 F 5'-CGTGAGCAGCACAGAAGAGA-3' [25] uterus and oy
R 5'-CCAGGTGGTGATGGAATCTT-3’

2.6. Relative Gene Expression and Statistical Analysis

Relative expressions were evaluated by calculating the change in cycle threshold (AAST) for each
sample using MS Excel 2016 and analyzing the data by expressing them in mean + standard deviation
(SD) using GraphPad Prism software, version 8. Comparison between treatments was done using a
one-way analysis of variance (ANOVA) followed by Dunnett’s post-hoc analysis. A p-value less than
0.05 was accepted as statistically significant in all comparisons.

3. Results

3.1. Effects of MPE and E2 Treatments on Expression Levels of mRNA Transcripts in Ovarian Tissues

Oral administration of MPE significantly downregulated the relative expression of CaBP-9k in
ovarian tissues (P =0.0003) at all treatment levels compared to the naive control (Figure 1). The relative
expression of Icabp in the ovaries was significantly lower in 200, 500, and 1000 mg/kg at P <0.0001, P
<0.0001 and P =0.0005, respectively (Figure 1). The relative expression of Pgr was downregulated
significantly only in the 200 mg/kg treatment group (P =0.0479) compared to the naive control (Figure
1). The relative expression of CC3 was significantly lower at all treatment levels (200, 500, and 1000
mg/kg) at P <0.0001, P <0.0001, and P =0.0007, respectively (Figure 1). In rats treated with a
combination of (200, 500, and 1000) mg/kg MPE and 4 pg/kg Ez, the expression of all the estrogen-
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responsive genes studied reduced significantly (P <0.0001) compared to Ez treatments alone (Figure

2).
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Figure 1. Relative expressions of CaBP-9k, Pgr, Icabp, and CC3 genes in the ovaries of rats treated with MPE for
7 days. Values are expressed as means + SD, followed by Dunnett’s post-hoc test. Values are significantly
different from naive controls at (*p<.05), (**p<0.001) and (***p<0.0001).
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Figure 2. Relative expressions of CaBP-9k, Pgr, Icabp, and CC3 genes in the ovaries of rats treated with a
combination of MPE and estradiol (E2) for 7 days. Values are expressed as means + SD, followed by Dunnett’s
post-hoc test. Values are significantly different from Ez at (***p<0.0001).

r(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202602.1944.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 February 2026 d0i:10.20944/preprints202602.1944.v1

6 of 15

3.2. Effects of MPE and E: Treatments on Expression Levels of mRNA Transcripts in Uterine Tissues

Administration of 1000 mg/kg MPE resulted in a significant increase (P =0.0001) in CaBP-9k
expression in the uterine tissues (Figure 3). However, co-treatment of 1000 mg/kg MPE with E:
significantly reversed the E:-induced and 1000 mg/kg-induced increases in uterine CaBP-9k mRNA
expression levels (P <0.0001) (Figure 4). A combined treatment of 500 mg/kg MPE with estradiol
decreased the expression of Pgr compared to the estradiol-treated group at p=0.0006 (Figure 4). The
relative expression of Icabp in the uterus was significantly lower than that of the naive control in the
200 and 1000 mg/kg MPE treatment groups at P =0.0003 and P =0.0027, respectively (Figure 3).
However, the combination of the MPE and estradiol increased expression for the 200 and 1000 mg/kg
combined treatments at P <0.0001 and P =0.0051 (Figure 4). Treatments with 200, 500, and 1000 mg/kg
MPE resulted in a relatively low expression of Itmapl significantly at P =0.0002, P =0.003, and P
=0.0023, respectively (Figure 3) but was markedly up-regulated in combined treatments at P =0.0124
for 200 mg/kg, P =0.0002 for 500 and P =0.0006 for1000 mg/kg (Figure 4). The pS2 gene in the uterus
of the 200 mg/kg MPE treated group was downregulated, with relative expressions found to be
significantly lower than that of the naive untreated control group at P =0.0435. In contrast, 1000 mg/kg
was significantly higher (P =0.0471) (Figure 3). The administration of 200 mg/kg MPE decreased
relative expression significantly (P =0.0129) in CC3 expression compared to control (Figure 3). A
significant decrease (P <0.0001) in the expression of CC3 was observed in all combined treatment
groups when compared to estradiol-treated groups (Figure 4).
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Figure 3. Relative expressions of CaBP-9k, Pgr, Icabp, Itmap1, pS2, and CC3 genes in the uterus of rats treated with
MPE for 7 days. Values are expressed as means + SD, followed by Dunnett’s post-hoc test. Values are significantly
different from naive controls at (*p<.05), (***p<0.001) and (***p<0.001).
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Figure 4. Relative expressions of CaBP-9k, Pgr, Icabp, Itmap1, pS2, and CC3 genes in the uterus of rats treated with
a combination of MPE and estradiol (E2) for 7 days. Values are expressed as means + SD, followed by Dunnett’s
post-hoc test. Values are significantly different from Ez at (*p<.05), (***p<0.01), (**p<0.001) (****p<0.0001).

4. Discussion

Expressions of genes studied at the transcriptional profiling level were modified (increased or
decreased) by exposure to MPE, demonstrating that exposure during prepubertal maturation can
change or affect the expression profiles of the uterus and ovaries. Although gene expression in
response to estrogens varies by tissue and stages of life and is sex-specific, it is possible to establish
transcript profiles indicative of its mechanisms of action. Therefore, all genes understudied may not
be directly associated with the uterotrophic and estrogenic responses found in the peripubertal
uterus, but may have essential roles in other biological phenomena and are worth noting, a fact stated
by several studies [26-28]. According to the transcriptional profiles of genes in the estradiol (E2) and
MPE-treated, which demonstrate different levels of regulation, MPE may have substantially lower
estrogenic efficacy than estradiol. As expected, administering Ez to the Ez-treated group produced the
most sensitive gene expression regulation, also observed in a study by [29]. Estradiol binds to the ER
and causes a displacement of some chaperone proteins. The estrogen-ER complexes act as
transcription factors by binding to specific ERE sequences in the target genes” promotes, triggering
numerous transcriptional reactions and activities related to female reproduction, a phenomenon
stated by [30]. The 7-day intragastric administration of MPE showed modest estrogenic efficacy in
vivo, with expression of the study genes comparable to E:. Explaining this activity, the
phytoestrogens in MPE could be weakly estrogenic and have a lower affinity to bind to both ER types,
inducing some estrogen-responsive genes and expressing various estrogenic and antiestrogenic
effects, as was expressed in some studies [31,32] that indicated the estrogenic and antiestrogenic
effects of phytoestrogens on the female reproductive system.

Gene regulation by MPE in ovaries: The importance of estrogen is efficiently documented in
reproductive endocrinology and ovarian function in females [33]. Various reports by [34] has
established its critical role in ovarian folliculogenesis. Their research indicates Estrogen Receptor Beta
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(Erp) regulates gene expression before puberty and early postnatal life. A 2021 report stated that ER3
is crucial in controlling the ovary’s gonadotropin responses, and the fact that a subset of
gonadotropin-induced genes necessary for follicular development, oocyte maturation, and ovulation
are dependent on ER[ [35]. Dysregulation, therefore, can disrupt folliculogenesis and impair
granulosa cell responsiveness to FSH [34]. Administration of Ez has been reported by [36] to jumpstart
sexual maturation and the onset of puberty in immature rats despite the absence of gonadotropins,
which are known to be essential in the formation and activation of primordial follicles and the early
stages of follicle development to the preantral phases, also indicating that ER-dependent neurotropic
processes govern gonadotrophin-releasing hormone release [35,37]. Intraovarian actions of estradiol
ultimately enhance follicular responsiveness to gonadotropins, resulting in increased aromatase
activity and estrogen synthesis, resulting in the modification of ER levels and DNA synthesis [38,39].

Based on this, in elucidating the estrogenic nature of MPE, this study identifies the possible roles
that may be significant to the structural and functional development of the ovary in rats, as genes
understudied may have direct biological estrogen targets. Identifying ER subtypes for these specific
estrogen-dependent ovarian genes could also provide more precise mechanisms of ovarian function
and novel targets for developing MPE as a fertility regulator.

Compared to the untreated rat ovaries, the notable reductions in the expression of mRNA for all
genes in the immature ovaries were dose-related, in which higher doses were associated with
increased expression levels. The significant drops in gene expression with the combined treatments
show antagonism and indicate ERB-mediated action in the ovaries, as evidence indicates that E:
controls primordial and primary follicle growth and folliculogenesis through ER in young rats [40].
The effects of E2 exposure on gene transcription were stronger than those of MPE exposure,
suggesting that MPE would have a lesser impact on phenotypic, with ERp-mediated activity in
immature rat ovaries.

Progesterone Receptors (Pgr) are essential effectors of ER signaling and mediate progesterone’s
physiological effects, which play a central role in reproductive events. Their expression is a
prognostic marker of ER action used clinically in breast and reproductive tract malignancies [41]. In
contrast to several studies in which immature rats treated with estrogen implants, estradiol, or
hypophysectomized estrogen treatments showed no Pgr expression, [42-44], Ex-treated rats in this
study showed some expression. Some researchers proposed an indirect function for estrogen, which
is required for follicle growth and maintenance, in their ability to express Pgr mRNA as the reason
for the subsequent induction of Prgs [45]. Levels of Pgr were also significantly decreased in Letrozole-
induced PCOS Aloe vera-treated ovaries [46], as Pgr was downregulated in all MPE doses, with 200
mg/kg showing significance. Downregulation observed with combined treatments could indicate
binding to the same receptor sites and some antagonism.

Contrary to this study’s findings, CC3 was found to be among the most up-regulated among 450
E-dependent differentially expressed ovarian genes in a study by [47], whose biological functions are
highly related to functional and structural development (organ morphogenesis, complement
activation, organ development and regulation of multicellular processes) of the ovary. It was found
to have direct biological targets of estrogenic action [47]. However, MPE showed some antagonistic
activity, inhibiting E2 action at all doses, also indicating ER-targeted action. Calbindin-D9k, a
reputable biomarker of potential estrogenic activity [48], is also a cytosolic calcium-binding protein
expressed in uterine, placental, and other organ tissues [49]; however, its expression in the ovaries
has not been reported. It could have the same role in calcium transport as reported by [50], although
this study found some downregulated expressions in the ovaries.

Although this study did not gather the complete information to fully understand how these
estrogenic biomarkers act in totality in the immature ovary, data presented shows that changes in
their expressions could be integral to the signal transduction pathway of estrogens and potentially
could be used to generate assays to evaluate reproductive toxicities. The base information gathered
could be used to develop a testable hypothesis to better understand the molecular pathways
associated with their exposure to chemicals with estrogenic properties. Examining ovarian gene
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expression after MPE exposure provides new insight into the effects of MPE on the immature rat
ovary.

Gene regulation by MPE in uterus: Uterine expression of the various genes indicated some
estrogenic activity; however, MPE showed differences in its action on the expression of these genes
individually. This study may attribute the observed results to the complex regulatory processes
influencing gene expression in the endometrium. Several other factors, including menstrual cycle
events, hormonal regulation influences, and the dynamic and changing cellular composition of
endometrial structure and function, could explain the differences observed in uterine gene
expression, as stated by [2] and [51] in their respective studies. Therefore, in this study, using the
whole excised tissue and the different patterns of ER expression and tissue gene expression signature
of each cell have played an important role in the response of rat uterus to the phytoestrogen
component of MPE and E: also explained by [52] in another study. The selective affinity of some
phytoestrogens has been reported [53] and this could also account for the differential gene expression
patterns observed in this study. Besides, endogenous estrogens and phytoestrogens may not exert
identical effects on uterine gene expression [54].

Eliciting an estrogenic response at the gene expression level also differs with the concentration
of phytoestrogens present. For some phytoestrogens, the saturation of receptors by active compounds
and higher concentrations may lead to the phenomenon of downregulation. This hormesis-type of
function is common to many phytoestrogens, which is due to the saturation of receptors leading to
the downregulation of receptors induced by the higher concentration [3]. However, experimental
animals may need to be exposed to higher levels of phytoestrogens in developing female rats.
Coumarin phytoestrogens, a component of MPE, have a weaker affinity to both ERa and ERf3 than
17p-estradiol. However, it is stated that their selective affinity for ERp is greater than ERa [53], and
it could be assumed that the activity of coumarins in MPE in this study is similar to that found by
[53]. In vivo studies show that some endocrine-disrupting chemicals (EDs) and estrogenic
compounds, like E:, significantly increase the expression of uterine Calbindin-D%% and the
underlying mechanisms in its expression in the myometrium and stromal cells of the rat uterus are
is reported to be associated with the direct stimulatory effects of E2 and the indirect inhibitory effects
of progesterone [55]. Estradiol, as shown in this study, initiates CaBP-9k expression [56]. Strong
enough evidence exists that the induction of uterine CaBP-9k in immature rats by E2 and some EDs is
via the ERa pathway, not Erf3 [57].

In this study, mRNA levels varied and did not change significantly except for 1000 mg/kg MPE.
Per the primary function of CaBP-9K in myometrial activity related to intracellular calcium level
control [58], its significant expression at 1000 mg/kg MPE could therefore mean efficient regulation
of homeostasis of solutes and water in the uterine epithelial cells [54]. Based on several research
findings reported by [23] indicating the in vivo estrogenic potential of methylparaben and
ethylparaben, the effect of MPE on gene expression can be likened to that of these parabens that
mimic estrogen. Similarly, the expression of CaBP-9k was significantly up-regulated by the highest
doses of the parabens [23], as observed with 1000 mg/kg MPE. However, the increase was weak
compared with the increase induced by E: treatment, as was reported for long alkyl chain parabens
treatments by [55]. A similar significant expression was found in immature rats with Triclosan, an
endocrine disruptor with estrogen-like properties. The notable downregulation of CaBP-9k evoked
an antagonistic outcome similar to concurrent exposure to Triclosan and fluoride [59]. Significant
CaBP-9K expression by 1000 mg/kg MPE, as seen with octamethylcyclotetrasiloxane (an endocrine
disruptor due to its estrogenic properties), suggests that high doses of MPE possess estrogenic
properties. However, a similar down-regulation of CaBP-9K expression in combined treatments with
E2 also occurred in octamethylcyclotetrasiloxane and tetrabromodiphenyl Ether (an endocrine
disruptor) treated following ICI 182,780 exposure [56,60] indicating weak estrogenicity of MPE that
Era may mediate. The ability of MPE (500 and 1000) mg/kg to reduce or reverse CaBP-9K expressional
levels in the combined treatments may have resulted from its antagonistic and antiestrogenic effect
through ER-dependent pathways in an immature uterus.
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Even though Pgr plays a vital role in regulating cell differentiation and proliferation, which are
essential for gland development, reproductive proficiency during the reproductive cycle, efficient
implantation, and decidualization in pregnancy [41,61,62], MPE cannot be considered as efficacious
as E2 in activating Pgr as an ER target gene in the rat uterine tissue. This was confirmed in the
combined treatment with E2 and MPE (500 mg/kg), where at this dose level, MPE could either
antagonize or block the activation of the Pgr gene by Ez. Similarly, this was also found for lyophilized
powder of dried Korean-grown Opuntia ficus indica (L.) Mill fruits [63], which contain high amounts
of flavonoids and glycosides, are also found in M. pulegium extracts [6,11]. The induction of Pgr
mRNA may be the result of a classical estrogenic response that could be downregulated due to
potential antiestrogenic activity at 500 mg/kg MPE in combination with E2[56,64] with the effect of 2-
Methoxyestradiol, an endogenous metabolite of E2 and 17-ethylestradiol. This could result from
decreased binding to and signaling through the ERa pathway, which is blocked by antiestrogenic
activity.

The pS2 gene encodes a member of the trefoil factor family group, also reported to be a member
of the estrogen-inducible gene family. Estrogenic stimulation increases pS2 expression at
transcriptional levels [33]. In a similar study using Flemingia strobilia extract, which contains
flavonoids and flavonoid glycosides as in M. pulegium, mRNA expression of pS2 significantly
increased after treatment [24], as observed for 1000 mg/kg MPE . A similar increase in pS2 gene
induction was also reported, however, in MCEF-7 cells [63]. Increases seen in both combinations of 200
mg/kg and 1000 mg/kg MPE with E: could mean that MPE at these doses could have either an
additive or potentiating effect on pS2 expression levels in the uterine tissue. This further indicates
that MPE has weak estrogenic activity and could possibly transactivate ER, as Lupeol, a triterpenoid
in Millettia macophylla [3]. As was suggested for Lupeol, MPE might also act through alternate
mechanisms, either by inhibiting or activating specific enzymes involved in estrogenic response [3].
The significantly reduced expression of pS2 at 200 mg/kg MPE, although its interaction with E:
suggests a synergistic effect on pS2 expression in the uterus. Similar findings have been reported
regarding the effects of triterpenoids lupenone and lupeol on the growth-regulating estrogen receptor
binding-1 gene expression, where an antiestrogenic effect was only seen at low concentrations, while
being synergistic with Ez at higher concentrations [3].

The downregulated expression of Icabp in the uterus with MPE only and an upregulation with
MPE combined with estradiol indicates its potentiating or additive effect, but having some
antiestrogenic properties when administered alone. Contradicting these results, all doses of
methylparaben and ethylparaben increased the expression of Icabp [23]. In using the uterine tissue to
determine the ability of MPE to regulate the transcriptional activity of endogenous ERs through the
expression of Itmapl, MPE treatment alone resulted in a downregulation of Itmap1 across all three
experimental doses, contrasting a study using parabens [23]. However, in all combined treatments
with Ez, significant increases in the E:-dependent Itmap1 gene expression further indicate that MPE
could be a weak estrogen with a potentiating or additive effect when administered with Ez. The gene
ontology for integral membranes includes Itmapl, which has been linked to reproduction and was
initially identified as a novel zona pellucida protein highly expressed in a mid-to-late gestation mouse
uterus only. It may have an important role in late-pregnancy uterine events [65,66]. However, in this
study, Itmapl was expressed in a non-gravid immature rat uterus but was significantly reduced
compared to the untreated naive controls. Nevertheless, its effect in a combined treatment shows that
MPE could potentiate the effect of Ez in the immature uterus.

Expression of CC3 at all treatment levels was downregulated at the transcriptional and
translational levels in the uterus either significantly (200 mg/kg MPE) or non-significantly (500 and
1000 mg/kg MPE). Based on similarities in phytoestrogen content, the effect of MPE on CC3
expression could be compared to the effect of Ficus deltoidea in the uterus. However, studies with
Ficus deltoidea up-regulated CC3 expression [68], unlike MPE, where CC3 expression levels were
dissimilar to those shown by estradiol and the naive control. Per the role of CC3 in stimulating local
inflammatory responses by activating complement pathways and promoting innate immunity, this

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.1944.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 February 2026 d0i:10.20944/preprints202602.1944.v1

11 of 15

observation suggests that, in contrast to natural estrogen, MPE may possibly induce some immune
suppression in the uterus. Contrary to findings in this study, Triclosan, a phenolic compound
reported to delay vaginal opening and has some reproductive toxicity in rats, increased CC3 mRNA
expression in immature rats [69].

Estradiol significantly increased CC3 expression levels, but in co-treatments with MPE, these
effects are minimized, therefore the partially inhibited Ex-induced increase in CC3 mRNA levels for
all doses indicates possible antagonism and activity via ER-dependent pathways. Similar to a study
that sought to determine the effect of Genistein (a weak estrogen or an anti-estrogen) on CC3
expression in a combination treatment with E:[70], the analysis of CC3 expression provides an
additional piece of evidence of MPE exhibiting some antagonistic properties.

5. Conclusions

This research has demonstrated that MPE shows some estrogenic activity and can induce CaBP-
9k, Pgr, pS2, Icabp, Itmapl, and CC3 in the uterus and ovaries; however, MPE showed differences in
its action on the expression of these individual genes, with its in vivo action involving ER and ER-
mediated pathways. This communicates distinct altered expressions and differential effects in the
uterus and ovaries. Regarding the varying mRNA levels of estrogen-related genes in this study, MPE
may be involved in disrupting reproductive function through both agonistic and antagonistic
mechanisms, with potentially multiple modes of action. It may act as an endocrine disruptor with
multiple mechanisms of action, highlighting its potential complexity in modulating estrogenic
responses. These results also provide new insights into the estrogenic effects of MPE at a critical
developmental stage of the female reproductive system.

6. Recommendation

Not all transcript levels may have been translated into translated into proteins, therefore further
studies are recommended to include the evaluation of protein levels using MPE.
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